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0 Method of obtaining high quality silicon dioxide passivation on silicon carbide and resulting 
passlvated structures. 



(§) A method of obtaining high quality passivation 
layers on silicon carbide surfaces by oxidizing a 
sacrificial layer of a silicon-containing material on a 
silicon carbide portion of a device structure to sub- 
stantially consume the sacrificial layer to produce an 
oxide passivation layer on the silicon carbide portion 
that Is substantially free of dopants that would other- 
wise degrade the electric^ int^rity of the oxide 
layer. The oxidizing of the sacrificial layer is prefer- 
ably achieved by thermal oxidizing. The silicon car- 
bide portion may be of p-type silicon carbide which 
is aluminium doped. 
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Tho present invention relates to a method of 
passivating microelectronic structures and in par- 
ticular relates to passivation of silicon carbide 
structures using silicon dioxide. 

Silicon carbide (SiC) has a number of theoreti- 
cal and practical advantages ttiat make its use 
desirable in microelectronic devices. These advan- 
tages are fairly well known and include a wide 
band gap. a high brealtdown field, high thermal 
conductivity, high electron drift velocity, excellent 
thermal stability, and excellent radiation resistance 
or "hardness." These advantages have been rec- 
ognized and described thorouglily in the patent and 
nonpatent literature. 

One of the chemical advantages of silicon car- 
bide is its ability to iom a stable and well under- 
stood oxide, namely silicon dioxide (SiOa). that can 
be used to passivate silicon carbide structure and 
devices. As known to those familiar with electronic 
devices, an appropriate thermally-grown oxide pas- 
sivation layer provides an associated advantageous 
oxide-semiconductor interface tiiat largely elimi- 
nates the presence of dangling bonds (sometimes 
referred to as dangling valences) on the semlcon- 
ductor surface, and thus largely eliminates the as- 
sociated problems such as interface charges and 
traps. 

There are, however, some problems ^at arise 
from silicon dioxide passivation on silicon carbide 
because of certain properties of silicon carbide. In 
particular, a common p-type dopant for silicon car- 
bide is aluminum. Although aluminum gives the 
highest p-type conductivity in silicon carbide, it 
recently has been discovered that the presence of 
aluminum incorporated into the thermally grown 
oxide passivation layers on p-type silicon carbide 
tend to cause high fixed oxide charge and high trap 
density at the silicon dioxide-silicon carbide inter- 
face. If the aluminum concentration is sufTiciently 
high (for example when an oxide Is grown on p^ 
silicon carbide) the resulting oxide can have very 
high leakage cun'ents, rendering it disadvantageous 
or even useless for passivation or electrical isola- 
tion. This problem does not occur when passivating 
silicon with silicon dioxide because aluminum is not 
a common dopant for silicon. 

As a result of these characteristics, when ther- 
mally grown oxides have been used to passivate 
structures such as mesa p*n~ Junctions In silicon 
carbide, the resulting devices tend to demonstrate 
excessive leakage currents in reverse bias at rela- 
tively high voltages (i-o., greater ttian 50 votts). This 
leakage current Is apparentiy caused by the poor 
quality of the passivation on the p* side of the 
junction, causing what effectively amounts to a 
short circuit around the junction. In some p-channet 
MOSFETs (metal'oxide-semiconductor field effect 
transistor), the gate contact has been observed to 



short entirely through thB oxide where it overlaps 
the p*^ source and drain wells. 

Additionally, in n-channel MOSFETs, where the 
electrical integrity of Uie oxide layers over the 

5 aluminum doped p-type channel region are ex- 
tremely Important, the high interface trap density 
and fixed oxide charge tend to cause the transis- 
tors to have high threshold voltages, low transcon- 
ductances, low channel mobilities at room tempera- 

10 ture, and all of which properties tend to ch^ge 
dramatically with temperature. As these MOSFETs 
are heated, their behavior improves because the 
increasing density of thermally generated can-iers 
tend to fill the interface traps. 

}5 Another problem that arises from the difference 
between silicon carbide and silicon is that cart}on- 
oxygen compounds are generated by the oxidation 
of silicon carbide during passivation that are not 
generated during passivation of silicon. Altiiough 

20 not known for certain, these carbon-oxygen species 
may have their own degrading effect on the elec- 
trical integrity of silicon dioxide layers grown on 
silicon cartjide, possibly contritxiting to fixed oxide 
charge and premature electric breakdown or wear 

25 out. 

Finally, earlier work has demonstrated that n- 
type dopants such as nitrogen tend to pile up 
severely during thermal oddation of silicon carbide, 
resulting in an interfacial concentration more than 

30 ten times higher than the bulk of the material. Such 
dopant pile up could additionally have a profound 
effect on the electirical characteristics of devices 
such as MOSFETs. 

Therefore, there exists the need to develop a 

35 method for passivating silicon carbide device struc- 
tures advantageously with silicon dioxide while 
avoiding the aforementioned problems. 

The ob|ect of the present Invention is to pro- 
vide a method, and resulting structures, of obtain- 

40 Ing high quality passivation layers on silicon car- 
bide surfaces, and their associated high quality 
oxide-semiconductor interfaces In which the oxide 
passivation layers are substantially free of dopants 
and carbon-oxygen byproduct species that would 

45 ottierwise degrade the electrical integrity of the 
oxide layer. 

The Invention meets this object by oxidizing a 
sacrifici^ layer of a silicon-containing material on a 
silicon carbide portion of a device structure to 

so substantially consume the sacrificial layer to pro- 
duce an oxide passivation layer on the silicon car- 
bide portion that is substantially free of dopants 
and of cartxjn-oxygen by-product species that 
would otherwise degrade the electrical integrity of 

55 the oxide layer. 

In another emtndiment, the invention com- 
prises oxidizing a device structure formed of a 
layer of silicon dioxide of a desired thickness on a 
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silicon carbide portion of the device structure to 
slightly extend the interface between the silicon 
dioxide and the silicon carbide into the silicon 
carbide portion. Further to this embodiment, the 
method compdses depositing a layer of silicon 
dioxide of a desired thickness on ttie silicon car- 
bide portion of the device structure without oxidiz- 
ing the silicon carbide portion prior to the step of 
oxidising the device structure. 

In another embodiment, the Invention com- 
prises a silicon carbide based device precursor 
structure comprising a silicon carbide portion and a 
sacrificial layer of 8 silicon-containing material on 
the silicon carbide portion in which the sacrificial 
layer is selected from the group consisting of poly- 
crystalline silicon <8r}, silicon nitride <Si3N4), or 
undoped silicon carbide. 

In another embodiment, the invention com- 
prises a silicon carbide-based device structure hav- 
ing passivation areas that are substantially free of 
the impurities normally associated with oxides 
grown on silicon carbide In which the structure 
comprises a silicon carbide portion and a thenmally 
grown oxidation layer on the silicon carbide portion 
in which the oxidation layer is substantially free of 
aluminum and of carbon-oxygen by-products typi- 
cally associated with thermal oxidation of silicon 
carbide. 

The foregoing and other objects, advantages 
and features of the Invention, and the manner in 
which the same are accomplished, will become 
more readily apparent upon consideration of the 
following detailed description of the invention taken 
in coniunction with ^ie accompanying drawings 
which illust-ate preferred and exemplary embodi- 
ments, and wherein: 

Figure 1 is a plot of drain current-voltage char- 
acteristics of a 6H-SiC inversion-mode MOSFET 
at (a) 298K, (b) 473K. and (c) 673K; 
Figure 2 is another plot of drain current-voltage 
characteristics 'or a 6H-SiC n-channel inversion- 
mode MOSFET showing the effects of reducing 
aluminum in the oxide and measured at (a) 
a98K. (b) 423K. and <c) 573K; 
Figures 3(a} and 3(b} are the Initial and final 
device structures for an n-channei planar MOS- 
FET structure Incorporating the present inven- 
tion: and Figures 4(a), (b), and (c) are progres- 
sive cross-sectional views of the processing 
methodology for a hi-lo IMPATT diode incor- 
porating the present invention. 
The present invention is a method of obtaining 
high quality passivation layers on silicon carbide 
surfaces. In one embodiment, the method com- 
prises oxidizing a sacrificial layer of a silicon-con- 
taining material on a silicon carbide portion of a 
device structure to substantially consume the sac- 
rificial layer to produce an oxide passivation layer 



on the silicon carbide portion that is substantially 
tree of dopants and carbon-oxygsn byproduct spe- 
cies that would otherwise degrade the electrical 
integrity of the oxide layer. In the preferred em- 
6 bodimsnt, the method further comprises the step of 
forming the sacrificial layer of a silicon containing 
material on a silicon cart>ide portion of a device 
structure prior to the step of thermally oxidizing the 
sacrificial layer. In preferred embodiments, the step 

10 of forming the sacrificial layer comprises forming 
the sacrificial layer fronn the group consisting of 
poly crystalline silicon, silicon nitride or undoped 
silicon carbide. As used herein, an undoped layer 
of silicon carbide would preferably have a carrier 

IS concentration of 5E16 (5 x 10"'^ cm~^) or less. 

Silicon is the most preferred material for the 
sacrificial layer because it is free of carbon to 
begin with, and hence substantially eliminates the 
presence of carbon-oxygen byproducts when ox- 

20 Idized. Furthermore, silicon oxidizes much faster 
than silicon carbide, so that at an appropriate oxi- 
dation rate lor silicon, the oxidation effectively 
stops when the silicon has been consumed, but 
before any appreciable amount of silicon carbide 

2s will be consumed. As a result, a high quality SiOz- 
SiO interface can be controllably formed. 

Further to the preferred embodiment, the step 
of forming a sacriricial layer comprises forming a 
sacrificial layer of a predetermined desired thick- 

30 ness and wherein the step of thermally oxidizing 
the sacrificial layer comprises thermally oxidizing 
the sacrificial layer for a time sufficient to substan- 
tially consume the sacrificial layer at the rate of 
thermal oxidation being used. 

35 Additionally, In preferred embodiments, the sili- 

con carbide portion of the device structure com- 
prises a silicon carbide portion having a polytypd 
selected from the group consisting of the 6H, 3C. 
4H, 2H and 15R polytypes of silicon carbide, 

40 In the preferred embodiments, the step of oxi- 

dizing the sacrificial layer comprises thermally oxi- 
dizing the sacrificial layer, and most preferably 
while avoiding oxidation of the underlying silicon 
carbide portion. In this regard, the themna) oxida- 

4s tion should desirably produce an oidde layer having 
a thickness sufficient to have substantially con- 
sumed the sacrificial layer based on the thickness 
of the sacrificial layer and the oxide consumption 
factor of the silicon containing material in the sac- 

60 rificial layer. As used herein, the consumption fac- 
tor for the silicon-containing material's oxidation 
represents the ratio of the density of silicon atoms 
in silicon dioxide to the density of silicon atoms in 
the silicon-containing material. Thus, the step of 

55 thermally oxidizing the sacrificial layer comprises 
oxidizing the layer on the basis of the layer's 
thickness and the oxide consumption factor for the 
silicon-containing material. 
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As discussed in the background, the method or 
the invention is most useful in avoiding contamina- 
tion of aluminum into the oxide. Accordingly, the 
step of forming a sacrificial layer preferably com- 
prises forming the sacrificial layer on a p-type 
portion of silicon carbide, and most preferably on 
an aluminum doped p-type portion of silicon car- 
bide. 

As a further advantage, the use of the sacrifi- 
cial layer of tiie present invention eliminates the 
potential for dopant redistribution in the underlying 
SiC during thermal oxidation, a problem that can 
arise when the SiC layer is oxidized directly. 

In an alternative embodiment, the method can 
comprise the step of depositing a boron-doped 
silicon carbide layer between the silicon carbide 
portion and the sacrificial silicon layer when silicon 
is used as the sacrificial layer. The boron-doped 
silicon carbide layer can be selected from the 
group consisting of semi-insulating boron-doped 
silicon carbide layers and p-type boron-doped sili- 
con carbide layers. 

In another alternative embodiment, the sacrifi- 
cial layer can be formed entirely of a boron-doped 
silicon carbide epitaxial layer. As known to those 
familiar with silicon carbide and silicon dioxide, 
boron (B) is a p-type dopant for silicon cari3ide, but 
one which has little or no negative effect on the 
electronic properties of silicon dioxide. Additionally, 
because such a layer has p-type cftaracteristics, it 
need not be entirely consumed during oxidation 
when used over another p-type SiC layer or sub- 
strate. 

In a preferred embodiment, when a silicon lay- 
er is used as the sacrificial layer, Uie method 
comprises oxidizing the silicon layer to produce an 
oxide passivation layer having an aluminum dopant 
concentration of 3E17 (3 x 10"^' cm"') or less. 

In an alternative embodiment, the mettiod of 
the invention can comprise oxidizing a device 
structure formed of a layer of silicon dioxide of a 
desired thicluiess on a silicon cariside portion of the 
device structure to slightly extend the interface 
between the silicon dioxide and the silicon carbide 
Into the silicon carbide portion. As in the previous 
embodiment, the oxidizing step preferably com- 
prises thermal oxidation of the device structure. 
Most preferably, the method of this embodiment 
further comprises the step of depositing the layer 
of silicon dioxide of a desired ttiicltness on the 
silicon carbide portion of the device structure with- 
out oxidizing the silicon carbide portion prior to the 
step of oxidizing the overall device structure. In this 
regard, the preferred method of depositing a layer 
of silicon dioxide of a desired thickness on the 
silicon carbide portion comprises depositing the 
layer by chemical vapor deposition. As in the pre- 
vious embodiment, the silicon carbide portion pref- 



erably has a polytype selected from the group 
consisting of the 6H, 3C, 4H, 2H and 15fl poly- 
types of silicon carbide. Similariy, the invention has 
been found to be most useful when the step of 
5 depositing the layer of silicon dioxide comprises 
depositing the layer on an aluminum doped, p-type 
portion of silicon carbide. 

In another embodiment, the invention com- 
prises a silicon carbide-based device precursor 

10 structure comprising a silicon carbide portion and a 
sacrificial layer of a silicon-containing material on 
the silicon carbide portion, with the sacrificial layer 
being selected from the group consisting o1 poty- 
crystalline silicon, polycryslallrne silicon nitride or 

15 undoped silicon carbide (polycrystalfine or epitax- 
ial). The carrier concentrations preferred for un- 
doped silicon carbide in tiie previous embodiments 
would similarly be preferred for this embodiment. 
In particular, in a preferred embodiment of the 

20 device precursor structure of the inveiition, the 
sacrificial layer comprises undoped silicon carbide 
having a carrier concentration of 5E16 (5 x 10~'^ 
cm or less. 

In another embodiment, the Invention com- 

25 prises a silicon carbide base device structure hav- 
ing passivation areas that are substantially free of 
the impurities normally associated with oxides 
grown on silicon carbide. The structure comprises 
a silicon carbide portion, and a thermally grown 

30 oxidation layer upon the silicon carbide portion, the 
oxidation layer being substantially free of aluminum 
and of carbon-oxygen by-products typically asso- 
ciated with thennal oxidation of silicon carbide. In 
the most preferred device structure, the oxidation 

35 layer has an aluminum dopant concentration of 
3E17 (3 x 10~" cm~3) or less. As known to those 
familiar with silicon carbide and with microelec- 
tronic device structures, the silicon carbide portion 
of the device stixicture can be selected from the 

40 group consisting of substrates, epitaxial layers, 
mesa sidewalls, implanted or diffused wells, and 
any combination of these structural elements. 

Figures 1 and 2, although not representing 
identical devices, demonstrate some of the advan- 

45 tages of the present invention. Figure 1 Is a set of 
three plots of drain cuh'ent versus drain voltage at 
selected gate voltages for a 6H-SiC inversion-mode 
I^OSFET at temperatures of 298K, 473K, and 
673K. The techniques of tiie present invention were 

so not used in producing the MOSFET characterized 
by Rgure 1. and Figure 1 Is thus Included for 
comparative purposes. 

By way of such comparison. Figure 2 repre- 
sents the same information as Figure 1 taken at 

55 296K, 423K, and 573K In which an attempt was 
made to eliminate aluminum entirely from the ox- 
ide. This was first attempted on some planar MOS- 
FETs fabricated on the Si-face of silicon carbide 
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and utilizing ion implanted n* source and drain 
wells. By way of further comparison, the device of 
Figure 1 was produced using dry oxide techniques, 
while thBi of Figure 2 was produced by a wet oxide 
process. Furlhermore, the p-channel of the Figure 
2 device contained less aluminum than the p-chan- 
nel of the Figure 1 device. 

Appropriate techniques for producing bulk sili- 
con carbide, epitaxial layers of silicon carbide, ion 
implantation o1 silicon carbide, and dry etching of 
silicon carbide are set forth in numerous prior pat- 
ents. These include U.S. Patents Nos. 4,012.063; 
4,912,064; 4,865,685; 4,866,005; and 5.087,576. 

The major difference between the MOSFETs 
formed in the attempt to eliminate aluminum from 
the oxide and previous MOSFETs was the incor- 
poration of a very thin layer of undoped 6H-SiC 
grown on top of the p-channel layer. The p-type 
layer was first grown and measured to have p = 
4.3 X 10^* cm~3. Next, an epitaxial layer of un- 
doped silicon carbide only 37 nanometers (nm) 
thick (n = 2-8 x 10^^ cm"^) was grown on top. As 
previously described herein, the purpose of includ- 
ing this layer is to consume it during oxidation so 
that the Si02/SiC interface stops at a point very 
close to the p-type material or only one or two 
monolayers into It. 

After fabricating the devices and implanting the 
wells, the device wafers were oxidized in wet oxy- 
gen at 1200'C for 49 minutes, yielding an oxide 
thickness of 62 nanometers. Assuming an oxide 
consumption factor of 0.47, and the loss of about 6 
nanometers in a previous reactive ion etching (RIE) 
step, this thickness would have brought the 
SiOa/SiC interface to within about 2 nm of the p- 
type material. Although it couid not be specifically 
confirmed whether such dimensions were really the 
case w whether ttie interface had aluminum 
present, it was certain that there was much less 
aluminum present In the oxide than In previous 
MOSFETs. 

Figures 1 and 2 show the Improvements pro- 
vided by the invention In such devices. For the 
device characterized In Figure 1, the maximum 
transconductance was 0.25 millisiemens per mil- 
limeter (mS/mm) at a gate voltage of +24 volts 
(V). The on-cun-ent at a gate voltage of + 1 6 V was 
0.5 miliiamps (mA). In the invention, and as In- 
dicated in Figure 2, the room temperature drain 
current at a gate voltage of 16 volts was 18.6 mA 
and the transconductance at that gate voltage was 
2.8 mS/mm. The ttireshold voltage was about 1.9 
volts, which Is much lower than the 0 to 12 volts 
obtained for ^e device in Figure 1. The channel 
mobility was measured to be about 46 cm^AZ-sec, 
and the subthreshold leakage current (gate voltage 
equals 0 volts) was 560 nanoamps (nA). 



Figures 2(b) and 2(c) show the comparative 
operation of the device at higher temperatures. 
When the temperature was raised to 150 -C, as 
shown in Figure 2(b), txith the current and tran- 
5 sconductance at a gate voltage of 16 volts in- 
creased to 29 mA and 3.6 mS/mm, and the thresh- 
oid voltage decreased to about -0.2 volts. This 
trend continued up to 300*0, as shown in Figure 
2(c). At this temperature, the current and transcon- 
10 ductance at the gate voltage of 16 volts were 35 
mA and 3.9 mS/mm, respectively. Although the 
threshold voltage of the device fell to -0.8 volts, the 
drain current at a gate voltage of 0 volts was only 
47 microamps (LtA). The channel mobility at 300 "C 
IS decreased to about 43.5 cm"AZ-sec. 

Figures 3 and 4 further illustrate the use of the 
invention and the resulting product. 

Figure 3(a} shows a device precursor broadly 
designated at 10 formed of an n-type 6H-SiC sub- 
so strate 11 and a p-type 6H epitaxial layer 12. In 
accordance with the invention, and In preparation 
for passivation, a sacrificially undoped epitaxial lay- 
er ("epilayer") 13 is added upon ttie p-type epitax- 
ial layer 12. 

25 After oxidation and further processing the fin- 
ished device, again designated at 10 for the sake 
of consistency, is Illustrated in Figure 3(b). Figure 
3(b) again illustrates the n-type substrate 11 and p- 
type epltaxl^ layer 12, but also shows respective 

30 n* implanted wells 14 and IS, a meteillic source 
contact 16, a metallic drain contact 17, and a 
metallic gate contact 18. In preferred embodiments, 
the source and drain contects 16,17 are formed of 
nickel and the gate contact 18 of molybdenum. The 

35 oxide layer 19 resulting from the oxidation of the 
undoped epitaxial layer 13, is also illustrated In 
Figure 3(a). By incorporating method of the 
present invention, tiie oxide layer 19 is formed 
from the undoped layer 13 rather than from the p- 

40 type layer 12 to thus minimize the dopant con- 
centration In the oxide and any associated pra>b- 
Isms. 

Rgure 4 shows the progressive formation of a 
mesa type IMPATT (impact avalanche transit time) 

45 device broadly designated at 20 and incorporating 
the method of the present Invention. Figure 4(a) 
illustrates en n^pe 6H SIC substrate 21, an n-type 
epilayer 22, a second n-type epilayer 23. and a p- 
type epilayer 24. In a typical embodiment, the first 

so n-type epitaxial layer 22 has a carrier concentration 
of between about 2 and 3E16, the second n-type 
e[»taxlal layer 23 has a carrier concentration of 
about 7E17, and the p-type epitaxial layer has a 
carrier concentration of 5E18 or higher. 

55 Rgure 4(b) Illustrates the same structure but 

with the addition of a thin layer of poiysilicon 26 to 
both the mesa and rear portions of the device. The 
thin polysiUcon layer 25 is, of course, the sacrificial 
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layer referred to herein. As set forth earlier herein, 
in certain ennbodiments a thin boron-doped silicon 
carbide layer can be added between the polysilicon 
layer 25 and the surface or edges of the respective 
SiC layers 21, 22, 23 and 24. The boron-doped 
layer should be thick enough to keep aluminum 
from the interface while otherwise remaining as thin 
as possible. An appropriate Uiickness presently ap- 
pears to be between about 1 and 50 nm. 

Figure 4(c) illustrates a completed device after 
incorporation of the invention. The difference from 
Figure 4(b} is the consumption of the polysilicon 
layer on the mesa portion of the device to form the 
passivation oxide layer 26. Again, by incorporating 
the invention, the dopant concentration In the oxide 
layer 26 can be kept very low, particularly adjacent 
the heavily doped p-type epitaxial layer 24. As set 
forth earlier. If the oxide layer 26 had a sufficient 
carrier concentration, a short circuit could occur 
between layers 24 and 23, thus incapacitating the 
device. 

To complete ttie device, Figure 4 also Illus- 
trates an ohmic contact 27 to the substrate, prefer- 
ably formed of nickel, and an ohmic contact 28 to 
the p-type epitaxial layer on the mesa, and prefer- 
ably formed of an aluminum altoy. 

It will be understood to those familiar with such 
devices ttiat the invention can also be applied to 
structures in addition to those illustrated herein, 
including p-channel planar MOSPETs having im- 
planted p-type wells, and those in which the p-type 
source and drain are formed fiom epilayers that 
have been partially etched away. In either case, an 
oxide typically will border both a p-portion and an 
n-portion of the device so that any leakage through 
the oxide portion will essentially short the device, 
the avoidance of which is one of the main advan- 
tages of the present invention. 

The invention can also be applied to any verti- 
cal power MOSFET design In SIC, such as 
DDM05 (double diffused MOS), UMOS (U-channel 
MOS), or VMOS (V-channel MOS), that would re- 
quire use of aluminum as the channel dopant. 

In the drawings and specifications, there have 
been disclosed typical preferred embodiments of 
the invention and, although specific terms have 
been employed, they have been used in a generic 
and descriptive sense only and not for purposes of 
limitation, the scope of the invention being set forth 
In the following claims. 

Claims 

1. A method of obtaining high quality passivation 
layers on silicon carbide surfaces, the method 
being characforised by; 

oxidizing a sacrificial layer of a silicon- 
containing material on a silicon carbide portion 



of a device structure to substantially consume 
the sacrificial layer to produce an oxide pas- 
sivation layer on the silicon carbide portion that 
is substantially free of dopants and otiier spe- 
5 cies that would otherwise degrade the elec- 

trical integrity of the oxide layer. - 

2. A method according to claim 1 and further 
characterized by the step of forming the sac- 
10 rilicial layer of a silicon-containing material on 

a silicon carbide portion of a device structure 
prior to the step of thermally oxidizing the 
sacrificial layer. 

rs 3. A method according to claim 1 or 2 charac- 
terised in that the step of oxidizing the sacrifi- 
cial layer comprises thermally oxidizing the 
sacrificial layer. 

20 4. A method according to claim 1,2 or 3, charac- 
terised in that the step of forming a sacrificial 
layer of a silicon-containing material comprises 
forming the sacrificial layer from the group 
consisting of: polycrystalline silicon, silicon 

26 nitride, boron*doped silicon carbide, or undop- 
ed silicon carbide. 

5. A method according to any preceding claim, 
characterised in that the step of forming a 

30 sacrificial layer of a silicon-containing material 

comprises forming the sacrificial layer from a 
silicon-containing material having an impurity 
concentration of impurities that can affect the 
electrical characteristics of the resulting oxide 

35 of 5Eie (5 X 10-« cm-8) or less. 

6. A method according to any preceding claim 
characterised in that the step of forming a 
sacrificial layer of a silicon-containing material 

40 comprises fomnlng the sacrificial layer from a 
silicon-containing material having an aluminum 
concentration of 5E16 (5 X 10"'* cm"') or 
less. 

46 7. A method according to claim 3 characterised 
in that the step of thermally oxidising the sac- 
rificial layer to substantially consume the sac- 
rificial layer comprises tttermally oxidizing the 
sacrificial layer while avoiding oxidation of the 

50 underlying silicon carbide portion. 

8. A method according to claim 3 characterised 
in that Uie step of forming a sacrificial layer of 
a silicon-containing material comprises forming 
55 a sacrificial layer of a predetermined desired 

thickness; and wherein 

the step of thermally oxidizing the sacrifi- 
cial layer to substantially consume the sacrifi- 



11 



EP 0 637 069 A1 



12 



cial layer comprises thermally oxidizing the 
sacrificial layer for a time sufficient to substan- 
tial/ consume the sacrificial layer at the rate of 
thermal oxidation being used. 

9. A method according to any preceding claim 
characterised in that the step of forming a 
sacrificial layer of a silicon-containing material 
on a silicon carbide portion of a device struc- 
ture comprises forming the sacrificial layer on 
a silicon carbide portion having a polylype 
selected from the group consisting of: the 6H, 
3C. 4H. 2H, and 15R polytypes of silicon car- 
bide. 

10. A method according to claim 3 characterised 
fn that the step of thermally oxidizing the sac- 
rificial layer to substantially consume the sac- 
rificial layer comprises thermally oxidizing the 
sacrificial layer to produce an oxide layer fiav- 
ing a thickness sufficient to have substantially 
consumed the sacrificial layer t>ased upon the 
thickness of the sacrificial layer and the oxide 
consumption factor of the silicon-containing 
material in the sacrificial layer. 

11. A method according to claim 10 characterised 
in that the sacrificial layer comprises silicon 
carbide and tfie step of thermally oxidizing the 
sacrificial layer comprises oxldl^ng the sacrifi- 
cial layer on ttw basis of thickness of the 
sacrificial layer and the oxide consumption fac- 
tor for silicon carbide. 

12. A method according to claim 11 characteirsed 
in that the consumption (actor for silicon car- 
Ude Is the ratio of the density of silicon atoms 
in silicon dioxide to the density of silicon 
atoms in silicon caitide. 

15. A method according to any preceding daim 
characterised In that the step of forming a 
sacrificial layer of a silicon-containing material 
on a silicon carbide portion of a device struc- 
ture comprises forming tfie sacrificial layer on 
a p-type portion of silicon carbide. 

14. A method according to claim 13 characterised 
- in that the step of formir^ the sacrificial layer 

on a p-type portion of silicon carbide com- 
prises forming the sacrificial layer on an alu- 
minum-doped p-type portion of silicon carbide. 

15. A method according to any preceding claim 
characterised In that the step of oiddizing the 
sacrificial layer ccnnprises: 

oxidizing a device structure formed of a 
layer of silicon dioxide of a desired thickness 



on a silicon carbide portion of the device struc- 
ture to slightly extend the interface between 
the silicon dioxide and the silicon carbide into 
the silicon carbide portion. 

s 

16. A method according to claim 15 characterised 
in that it further comprising the step of deposit- 
ing a layer of silicon dioxide of a desired 
thickness on the silicon carbide portion of the 

to device structure and without oxidizing the sili- 

con carbide portion prior to the step of oxidiz- 
ing the device structure. 

17. A method according to clainn 16 characterised 
15 in that the step of deposiling a layer of silicon 

dioxide of a desired thickness on a silicon 
carbide portion of a device structure comprises 
depositing the layer by chemical vapor deposi- 
tion. 

20 

18. A method according to claim 1 characterised 
in that the sacrificial layer is formed of silicon, 
and further comprising the step of depositing a 
thin boron-doped silicon carbide epitaxial layer 

zs between the silicon carbide portion and the 

sacrificial silicon layer and in which the layer is 
thick enough to prevent aluminum from reach- 
ing the resulting oxide while otherwise remain- 
ing as thin as possible. 

30 

19. A method according to claim 18 characteirsed 
in that the step of deporting a boron-doped 
silicon carbide epitaxial layer comprises de- 
positing a layer selected from the group con- 
as sisting of; semi-insulating boron-doped silicon 

cartiide layers and p-type boron-doped silicon 
caril)ide layers. 

20. A method according to claim 8 or 9, charac- 
40 terised In that the step of thermally oxidizing 

the silicon layer comprises oxidizing the silicon 
layer to produce an oxide passivation layer on 
the sHicon carbide portion In which the oxide 
layer has an duminum dopant concentration of 
45 3E17 (3 X 10-^' cm-3) or less. 

21. A silicon carbide-based device sti^cture having 
passivation areas that are substantially free of 
the impurities normally associated with oxides 

60 grown on doped silicon carbide, said structure 

comprising: 

a silicon carbide portion; and 
a thermally-grown oxidation layer upon 
said silicon carbide portion, said oxidation lay- 
Gs er being substantially free of aluminum. 

22. A device structure according to claim 21 
characterised in tiiat said oxidation layer has 
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an aluminum dopant concentration of 3E17 (3 
X 10-" cm-3) or less. 

23. A device according to claim 21 or 22 charac- 
terised in that said silicon carbide portion is 
selected from the group consisting of: sub- 
strates, epitaxial layers, mesa sidewalls, im- 
planted or diffused wells and any combinations 
thereof. 
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24. A device structure according to claim 21, 22 or 
23 characterised in that said oxidation layer is 
substantially free of carbon-oxygen by-pro- 
ducts typically associated with thermal oxida- 
tion of silicon carbide. is 
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